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Abstract: Planar antennas, which include microstrip antennas and printed circuit board 
antennas, are used in telecommunications. This study aims to provide an overview of 
microstrip antennas for diverse applications. Microstrip patch antenna design is a new study 
topic that has been established for usage in 5th-generation communication applications. An 
antenna is a group of connected devices that serve as a single antenna to broadcast or 
receive radio waves. Antennas come in a variety of designs and sizes. The paper discusses 
several printed microstrip antenna designs, such as rectangular to circular, broadband, dual- 
band, millimeter-wave and microstrip arrays. The microstrip patch is an antenna layout that 
is lightweight, low-profile, and results-oriented. Microstrip patch antennas may be 
employed in various 6G communication system applications in the future. This paper 
examines antenna geometric structures, antenna analysis methodologies, antenna 
dimensions and many different types of antennas. It will also go over the substrate 
materials, loss tangent, thickness, return loss, bandwidth, voltage-standing-wave-ratio 
(VSWR), gain, and directivity so that an optimized antenna can be designed and fabricated 
having excellent characteristics for use in modern applications by the promising academic 
researchers in the near future. 
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Introduction 1.6mm. The permittivity value also plays a major role in 


Microstrip technology began in 1953 but became very 
popular later, especially after 1972. The most essential 
benefit of microstrip devices and circuits is their low 
profile, and it helps to be used in portable handheld 
devices and various wireless communication systems. It 
is widely used in mobiles, walkie-talkies, GPS, RFID, 
and healthcare monitoring devices. Planar devices are 
considered as low or very negligible height transmission 
lines. Microstrip antenna is one such device that has a 
height of nearly 0.01mm. Such devices are fabricated by 
mounting a conducting patch, preferably copper material, 
on top of a non-conducting material called a dielectric 
substrate (Balanis, 1992). The substrate height also varied 
according to different application types and was nearly 


the performance of an antenna and generally varies 
between 2.2 to 10.7 (Rashid & M. Jassim Al-Hindawi, 
2019). As 
dimension of a microstrip component decreases 
(Milligan, 2005). Hence it can be concluded that the 
permittivity factor of a patch antenna is in reverse 
proportional to the length-width of that particular 


the permittivity increases, the overall 


antenna. Some substrates are found on Earth naturally, 
but most are developed in laboratories by sophisticated 
methods (Hossain et al., 2020). 

At the beginning of research on microstrip technology, 
the substrate height was high and the material was fat, 
which permitted non-transverse electromagnetic waves to 
propagate, producing a very unwanted and ambiguous 


*Corresponding Author: s.ravikumar@jainuniversity.ac.in 


€c) lovete) This work is licensed under a Creative Commons Attribu- 
mncenie tion-NonCommercial-NoDerivatives 4.0 International License. 


186 


response (Islam et al., 2018; Sasaki et al., 2016; Sun et 
al., 2021). The conventional microstrip patch antenna 
(MPA) consists of a transmitting patch that emits 
electromagnetic (EM) waves placed on top of a dielectric 
material as shown in Figure 1. In 1953 the head of an 
antenna laboratory, University of Illinois Prof. Georges 
Armand Deschamps, proposed the idea of the microstrip 
antenna (Lo et al., 1979). However, the first antenna was 
invented in the 1970s when good-quality substrates 
became obtainable (Simba et al., 2007). Since then, much 
research and development has been done to make MPAs 
the most desirable alternatives in various microwave 
component designs. The area of antenna design is still 
undergoing a lot of development (Kuo and Wong, 2001). 


Ground Plane 


Figure 1. A typical microstrip patch antenna is used 
for microwave applications (El Gharbi et al., 2020) 
Patch antenna is named so because an antenna is 


formed by etching out a patch of conductive element on 
top of the surface of a non-conducting material. The 
dielectric part is mounted on top of a conductive strip 
called ‘the ground plane’, which supports the complete 
structure (Volakis, 2012). The antenna is excited by a 
feeding method and an electrical signal is directly applied 
to the antenna through feed lines. This type of structure 
can be fabricated using conventional printed circuit board 
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different 
parameters, and the type of excitation or feeding 
technique to avail energy to the microstrip antenna. The 


patch elements, the dielectric medium's 


same numerical analysis is associated with the design of 
many other microstrip devices, such as planar filters, 
power dividers, couplers, resonators, terminators etc. So, 
it is clear that microstrip technology can be used to 
implement microwave active and passive devices (Hassan 
et al., 2015; Khan et al., 2022). 

Once the microstrip patch's width and length are 
calculated, the actual design can be prepared using a 
subsequently 
simulated. The results produced after the simulation is 
over need to be stored properly for analysis later (Ramesh 
and Yip, 2003). AutoCAD tool fabricates the patch 
antenna physically with proper dimensions as taken 


high-performance software tool and 


during simulation. Once the patch antenna design is 
completed, it must be simulated using commercially 
available software such as IE3D, HFSS, CST Microwave 
Studio, etc. At the end, the patch antenna may be 
fabricated using a traditional printed circuit board 
mechanism if found satisfactory in all respects. 

A planar microwave antenna is one of the widely used 
microstrip devices found today. Microstrip antennas are 
used for high-frequency applications, also called patch 
antennas as it is mounted on a dielectric material. 
However, for effective use of a microstrip antenna, it is 
important to know its technical features such as gain, 
directivity, radiation pattern, polar pattern, reflection 
coefficient, nature of polarization, etc. It is highly 
required to analyze each of these parameters to improve 
the overall performance of a microstrip patch antenna for 


(d) Semicircular arc (e) Elliptical 


Figure 2. Different shapes for microstrip patch antenna (Balanis, 1992) 


design. Some of the widely used antenna patch shapes for 
practical high-frequency applications are shown below in 
Figure 2. 

These patch shapes of conducting materials have their 
respective radiation parameter and _ characteristics 
(Iftissane et al., 2011). The choice of a particular shape is 
based on certain requirements such as gain, directivity, 
radiation pattern, polarization, transmission coefficient, 
reflection coefficient etc. Mathematical expressions are 
used to calculate the various dimensions of conducting 
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transmitting and receiving microwave signals faithfully. 
The objective of this paper is to introduce the concept of 
planar antennas to new researchers and to provide a 
detailed analysis as well as an understanding of various 
technical parameters associated with a conventional 
microstrip planar antenna so that an optimized antenna 
can be designed and fabricated with having excellent 
characteristics for use in modern applications, by the 
promising antenna designers in the days to come (Matta 
et al., 2022). 


Performance Parameters of a Patch Antenna 

A planar microwave antenna has different operating 
characteristics. These essential characteristics help to 
understand the performance of a designed patch antenna 
as these essential values are compared with standardized 
values obtained earlier from reliable sources like 
literature published by researchers around the globe, both 
in soft or hard form. It is regulatory to find these 
parameters for any patch antenna (Alibakhshikenari et al., 
2020; M. M. Hossain et al., 2022). 
Basic operating principle 

An acoustic cavity is created within and around a 
conducting patch. A transmitting patch's borders are 
nothing more than the cavity's margins. Under operating 
circumstances, the patch's edges function as an open 
circuit (Esmail et al., 2022). This time, the parameters are 
quite useful in understanding the patch antenna's 
behaviour and in studying it. The electrical field mostly 
propagates along the z-axis and in the z-direction within 
the patch cavity. The surface electrical field vector 
formulation for the (m, n) cavity mode of the L-long 


L is equal to conducting patch length and W is the 


patch may be stated as follows: 


E,(%, y) = Amncos (=) cos (1) 


“patch width” in the above formula. Then, on the x-axis, 
the surface wave current under the metallic patch is given 


os 


DY ool ge (x) = Aj 


In this mode of operation, the patch is considered a 
microstrip line. W is usually chosen to be of high value 
than the actual length of the conducting patch (with W = 
1.5L) to increase the bandwidth and as the bandwidth is 
directly proportional to the width, the present is max at 
the center of the patch, “x is equal to L/2”, while the 
electric field is found to be high at both the edges, “x = 0 
and x = L”. From the beginning look, the microstrip 
receiving wire won't work as a radiator once the substrate 
is electrically slender since the fixed flows are 
successfully arranged. The reverberation plentifulness of 
the modular field is contrarily corresponding. Along these 
lines, the field power of the transmitted field compared to 
the fix is fundamental without 1 when extra prospects are 
thought about. Moreover, the thunderous information 
obstruction might be near without h. This makes sense of 
why a fixed receiving wire is a productive radiator in any 
event for slender substrates, regardless of whether the 
deliberate measurements are adequate. 
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Resonant frequency 

This parameter is the most important one in the design 
of a patch antenna for microwave communications. At 
this frequency, the reactive components cancel out each 
other hence making the component completely resistive 
and ready to vibrate and generate oscillation as desired. 
The resonant frequency expression can be written as: 


Where c is the “speed of light”. To calculate the 
“effective length” of the patch we need to consider the 
fields existing at the edges of the patch and use the 
following expression where L is the physical length of the 
conducting patch: 

LO =D QA D es carseat aeadionses (4) 

The Schneider-Hammerstad formula used for resonant 

frequency calculation is: 


ef f+0.3)(~+0.264 

Ms 2 9.4919 (cepp+0.3)(q40264) ee (5) 
h (€er¢—0.258)(“+0.8) 

Where, 


ep = PHT A+Z 
Radiation pattern 

It is nothing more than a change in the amount of 

power that is emitted in various aerial directions, and it 


aids in determining further features of an antenna. If we 
suppose that the isotropic antenna radiates power P, then 
the power is dispersed across a sphere of radius r. 
Consequently, the power density S in this direction at this 
distance may be: 


Isotropic antennas aren't realizable in observation 
however will be utilized as a relevant compare the 
performance of sensible antennas (M. S. Rana & Smieee, 
2022). As can be seen in Figure 3, the pattern offers 
information on the antenna resolution, aspect lobes, and 
beamwidth to an excessive degree. 

E-plane patterns are graphical representations of 
antenna radiation operating in an extraordinary plane, 
including a radius vector from the antenna's centre to the 
direction receiving the bulk of radiation and, therefore, a 
vector for the field strength. The H plane pattern will also 
be constructed while considering the field of force 
intensity vector. 

Gain of antenna 

Antenna gain provides information about the power 
transmitted in a particular direction to the power 
generated by an isotropic antenna which has unity gain 
and radiates equal power in all directions. The intensity 
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of RF power emitted in a certain direction is what is truly 
described by the gain. The multiplication of directivity 
and the corresponding efficiency can also be used to 
represent the antenna gain. This is how the antenna gain 
is expressed: 


Ck eed ee ee (7) 


Where Wt is the total radiated power as well as (6, ®) 
is the power emitted per unit “solid angle” in the 
direction of (6, ®). Micro-strip antennas have low gain 
by design because of their poor radiation efficiency. A lot 
of effort is being made in this subject worldwide to create 
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Figure 3. Typical radiation pattern of a patch antenna at different values of ‘® (Gao 
et al., 2015) 


antennas with a high gain. 
Directivity of an Antenna 

It is one of the fundamental parameters of a 
microwave antenna which describes how focused the 
antenna output power is in a particular direction. It is 
calculated from the power density in a three-dimensional 
space and is mostly expressed in decibels (dB). The 
mathematical equation can be written as: 


There is a simple relationship between directivity as 
well as the gain of a patch antenna which is mentioned 
below: 


Where, 1 is the antenna efficiency. 
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The bandwidth of a planar antenna 

The word bandwidth describes the whole range of 
working frequencies that the antenna operates within, in 
compliance with certain key characteristics, as per a 
stated standard (Malik, 2021; Behera and Salkuti, 2022). 
The bandwidth is defined mathematically as the ratio of 
the greatest operational frequency to the lowest operating 
frequency. Figure 4 illustrates how the bandwidth of 
various kinds of antennas is represented as: 


F 
Bandwidth of the Broadband = = 
1 
F, hi F, 


Bandwidth of the Narrowband % = x100.... (11) 


Cc 


Where, F, is the lower frequency F,, is the greater 


frequency, as well as F’, the centre frequency. 


Return loss characteristics 

This parameter is very much essential for the antenna 
as it provides the radiation details. The signal power that 
is radiated by the antenna is expressed in terms of 
transmission coefficient and the same is expressed in dB 
as insertion loss (Ranaweera et al., 2019). And the 
reciprocal of insertion loss is known as return loss. Figure 
5 illustrates how a suitable microstrip patch antenna 
should have a return loss of less than ten dB. 
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Figure 5. Typical return loss plot for a rectangular 
patch antenna at 2.1 GHz (Roy et al., 2013) 


The parameter reflection co-efficient is closely 
associated with the return loss as below: 


P 
R,dB ne dvsiiinteneaneseanteteses (12) 


Where, P, is equal to the power applied by the source 


and the power reflected to the source of the antenna. 


(Transmitter) (Antenna) 


Figure 6. Equivalent circuit of a transmitting antenna 
(S. Rana et al., 2016) 


A receiving antenna's equivalent circuit consists of a 
current generator and two admittances: one for the load 
and one for the antenna. The short-circuit current, 
receiving property, current, voltages etc. can be stated in 
terms of the antenna's transmitting qualities (An & He, 
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2020; Cui et al., 2014). The standard equivalent circuit 
models based on the Thévenin or Norton theorem are 
shown to be unsuitable for a receiving antenna system 


because a voltage or current source cannot simply 
approximate the antenna (Martin-Anton & Segovia- 
Vargas, 2020). 

Voltage Standing Wave Ratio (VSWR) 

Standing waves are generated when a transmitted 
wave reflects the microwave source due to the impedance 
mismatching at the terminal. It means that the “Voltage 
Standing Wave Ratio” (VSWR) is a parameter that 
represents how fine the antenna impedance is matched to 
the radio (Bansal and Gupta, 2020). We know that the 
source impedance and load impedance must be exactly 
matched for the maximum power to be delivered to the 


load or antenna, as illustrated in Figure 6. 
VSWR Display 


—¥ :Poitt 
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Figure 7. Simulated VSWR plot with respect to 
frequency in GHz [Drone Cosmo] 


If the impedance offered by the antenna is assumed as 
Z,, and the source impedance is assumed as Z, then the 


condition for matching load can be written as: 


Ls = Zs 


Where, Z,,=R,, + JX,, aS wellas Z, =R, + jX, 


In case of impedance mismatch, part of the incident 


power is reflected and the following expressions 
characterize the same: 
1+|T| 
VS WIR care eamacenviseosana sonnet’ (12) 
-[r| 
VZ.-Z 
DS reenarnesee (13) 
V, Z, + Zs 
Where, TI denotes the reflection coefficient 


V_ denote the amplitude of the reflected wave 


V, denote the amplitude of the incident wave 


The VSWR is primarily an instrument for measuring 
the impedance mismatch between the transmitter and the 
antenna. It is clear from Figure 7 that the higher value of 
VSWR leads to a greater mismatch of corresponding 
impedances. The minimum value VSWR indicates a 
perfect match and the absolute is around unity. Because 
most microwave devices are manufactured for this 
impedance, antenna designers commercially prefer to 
maintain the input impedance at 50 ohms (Godaymi Al- 
Tumah et al., 2022). 

Quality factor or Q factor 

The quality factor of a planar microstrip radiator is 
described as the ratio of the total energy stored in the 
reactive field to the energy radiated by the antenna. 
Mathematically, the quality factor is expressed as: 


2Wmax(WmMW, 
ee icone: (14) 


Where, 

Ww = stored magnetic energy 

We = stored energy and P is the radiated power. 

Quality factor issue is employed to see the losses of a 
patch antenna. Typically there are four varieties of losses 
in an antenna that are essential to consider in designs: 
radiation loss, ohmic loss, non-conductor loss and surface 

& Shafai, 1999). The 

square measure directly 
proportional to the peak of the substrate and radiation 


wave losses 
semiconducting 


(Ravipati 
losses 


losses square measure reciprocally proportional to the 
height of the substrate. The antenna's 
measure will increase once the substrate's nonconductor 
height increases. At a constant time, the semiconducting 


information 


losses will also increase. Once the peak of the substrate 
decreases, the radiation loss becomes vital. The quality 
factor is significant when the antenna is used for high- 
performance microwave systems (Iwasaki and Chiba, 
1999). 
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The efficiency of the Antenna 

Antenna efficiency is calculated during the design of a 
microwave antenna to take stock of the losses that occur 
during its operations. Some losses are generated due to 
defections in the materials used for antenna fabrication 
(Park and Jung, 2022). Whereas some of the losses are 
found during the operation of the antenna. 

e Return losses due to a mismatch of the 
transmitter line as well as the antenna 

e  1°R losses 


Hence the total antenna efficacy: eé, =e, +eé.+€,; 


Where, €, Donates a whole antenna efficiency 
e.= (1 = 


e. Donates a Conduction efficiency 


| ) = Reflection (mismatch) efficiency 


e, Donates a Dielectric efficiency 
Subsequently, as well as e, being problematic to 


separate, they are lumped together to form the e_, 


effectiveness which is given as: 
Ce 6 ie tstiaonias (15) 


Here, e., is called the antenna radiation efficiency as 
well as is well-defined as a relation of the power supplied 


to the “radiation resistance” R, to the power distributed to 


the sum of resistances, R,as well as R, . 


This paper focuses on recent breakthroughs in planar 
antenna design and its applications in several study 
disciplines, such as space communication, mobile 
communication, wireless communication, and wearable 
applications. Medical uses for planar antennas include 
microwave imaging, medical implants, hyperthermia 
therapies, and wireless wellness monitoring. Despite their 
considerable 
applications continue to utilize cumbersome antenna 


systems, which limit their efficiency and usability. This 


application potential, most of these 


research also covers planar antenna design concepts, 
methods and approaches for improving performance 
parameters, and applications for IoTs and device-to- 
device communication. Efforts have been made to cover 
particular steps for resolving antenna design challenges 
and how to create conformal and miniaturized antenna 
systems for diverse applications. 


Conclusion 

Antennas have become an essential component of the 
telecommunications sector. Hence the performance of a 
microwave planar antenna makes a huge impact on the 


overall communication system performance and needs to 
be improved by optimizing its design parameters. This 
paper provides an insight view of a typical microwave 
planar antenna and investigates several technical 
parameters that affect such an antenna's response. The 
architecture of microstrip devices is such that scientists 
and researchers must have proper knowledge of all the 
performance parameters related to a particular antenna. 
The relationship of these parameters with the outcome of 
an antenna is also discussed such as directivity value is 
directly proportional to the amount of microwave power 
propagated in free space. Another parameter transmission 
coefficient is inversely proportional to the antenna loss as 
it defines the relationship between the antenna input and 
output power. Hence it is concluded that each of these 
performance parameters must be individually calculated 
while designing a microwave planar antenna for practical 


applications. 
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